Coordinate expression of multiple bacterial carotenoid genes in canola leading to altered carotenoid production.
Carotenoids have drawn much attention recently because of their potentially positive benefits to human health as well as their utility in both food and animal feed. Previous work in canola (Brassica napus) seed over-expressing the bacterial phytoene synthase gene (crtB) demonstrated a change in carotenoid content, such that the total levels of carotenoids, including phytoene and downstream metabolites like beta-carotene, were elevated 50-fold, with the ratio of beta- to alpha-carotene being 2:1. This result raised the possibility that the composition of metabolites in this pathway could be modified further in conjunction with the increased flux obtained with crtB. Here we report on the expression of additional bacterial genes for the enzymes geranylgeranyl diphosphate synthase (crtE), phytoene desaturase (crtI) and lycopene cyclase (crtY and the plant B. napus lycopene beta-cyclase) engineered in conjunction with phytoene synthase (crtB) in transgenic canola seed. Analysis of the carotenoid levels by HPLC revealed a 90% decrease in phytoene levels for the double construct expressing crtB in conjunction with crtI. The transgenic seed from all the double constructs, including the one expressing the bacterial crtB and the plant lycopene beta-cyclase showed an increase in the levels of total carotenoid similar to that previously observed by expressing crtB alone but minimal effects were observed with respect to the ratio of beta- to alpha-carotene compared to the original construct. However, the beta- to alpha-carotene ratio was increased from 2:1 to 3:1 when a triple construct consisting of the bacterial phytoene synthase, phytoene desaturase and lycopene cyclase genes were expressed together. This result suggests that the bacterial genes may form an aggregate complex that allows in vivo activity of all three proteins through substrate channeling. This finding should allow further manipulation of the carotenoid biosynthetic pathway for downstream products with enhanced agronomic, animal feed and human nutritional values.